INTRODUCTION
The intestinal tract harbors numerous micro organisms including commensal bacteria and pathogens, which are important components and dynamic intestinal ecosystem (Nicholson et al., 2005) . The "hygiene hypothesis" suggested that the decreased family size and enhanced hygiene level contributed to less opportunity to contact with the micro organisms around the environment, which may result in more widespread clinical expression of atopic diseases (Strachan, 1989) . Furthermore, the establishment of commensal bacteria is vital for stimulating and promoting the development of immune system (Mulder et al., 2009) , which is supported by the evidence that the germ free conditions causes the reduction of immune cells, such as Dendritic cells (DCs), T and B lymphocytes (Probert et al., 2007; Umesaki et al., 1993; Williams et al., 2006) . And there are more important functions of the micro organisms apart from the effects on immune system.
Probiotics are "live micro organisms which when *Corresponding author. E-mail: stack128@gmail.com. Tel: 0086 13894710161. Fax: 0086043166513478. administered in adequate amounts confer a health benefit on the host" defined by FAO/WHO (FAO/WHO, 2001) . Most probiotics isolated from intestine fluid, feces, breast milk or other natural environments are mainly composed of lactobacillus and bifidobacterium. The Lactobacillus is one of the earliest micro organisms in the early stage of establishment of intestinal bacteria community (Davis et al., 2010) . Among the benefits of probiotics, the modulation on immune system has raised greater interest as it plays a critical role in the host health and may resolve some problems of antibiotics. Since the mechanisms are not well understood, researchers have analyzed the effects of probiotics on the immune system by targets via large amount of methods in vivo and in vitro, such as germ free animals (Hrncir et al., 2008) , Toll like receptors (TLRs), knock out mouse (Rakoff-Nahoum et al., 2004) , as well as cells co-cultured with probiotics (Harata et al., 2009 ). However, these strains displays absolutely different or opposite capacity of inducing the cytokines, and distinct effects on T and B Lymphocytes (Kanzato et al., 2008; Pérez-Cano et al., 2010; Paturi et al., 2007; Sierra et al., 2010) , even though these strains are closely related or isolated from the same source (Díaz-Ropero et al., 2007; Kropec et al., 2005) . Furthermore, Lactobacillus strains can lead to distinct ability against virus (Ivec et al., 2007) . Some researchers have pointed out that the immune effects are related to the type of probiotic strains, dosage, growth phase and experimental models (Baken et al., 2006; de Moreno de LeBlanc et al., 2008a; Maassen and Claassen, 2008) . In fact, apart from these, some other factors may impact the effects of probiotics. In order to understand better the mechanisms of probiotics on the immune responses, these influencing factors need to be analyzed. Based on these studies, this article will discuss these potent factors of probiotics on immune responses, and classify these factors into three classes including probiotic strains, research objects, experimental proposal, which are listed in Table 1 .
FACTORS DERIVED FROM PROBIOTIC STRAINS

Dosages
Lots of studies demonstrated that probiotics supplement could significantly increase the number of lactobacillus and bifidobacterium in feces and intestine fluid, whereas, low enterobacteria and clostridia could not (de Moreno de LeBlanc et al., 2008b; Gagnon et al., 2006; Maragkoudakis et al., 2010; O'Mahony et al., 2008; Sierra et al., 2010; Sun et al., 2010; Tsai et al., 2008) . These findings show that the supplement can adjust the composition of micro organism in the intestine via the enhancement of beneficial microbes and reduction of potentially pathogenic bacteria. Díaz-Ropero et al. (2007) reported that two lactobacillus strains isolated from human breast milk behave distinctively on the production of cytokines. On the other hand, some researchers suggested classifying the probiotics into immune suppressive and stimulatory strains, or pro and anti inflammatory strains (Foligne, 2007; Jones and Versalovic, 2009; Pagnini et al., 2010) . These findings may support that these strains derived from the same source do not display the modulation on the immune responses of the host, and maintain the intestinal homeostasis, when these strains are used together. Therefore, we should possibly avoid this situation in the application.
One research found that the high-dose VSL#3 (One medical food probiotic supplement containing 4 lactobacilli, 3 bifidobacteria, and 1 streptococcal strain: (Pagnini et al., 2010) . Patel (2010) suggest that appropriate or low degree of immune activations by probiotics was necessary for normal immune development and function, while the uncontrolled stimulation may cause inflammatory and tissue damage. Therefore, the degree of activation of immune system by probiotics is critical, which subjects to the dosage of probiotics. The dosage plays an important role in avoiding some side effects, which we do not know according to our present knowledge, and exerting the maximum benefit of probiotics. Coullado and Sanz (2006) reported that the survival of probiotics bacteria is needed to reach approximately 10 6 -10 7 cells/g of food at the distal part of the intestine in order to exert a beneficial effects. Gomes and Malcata (1999) believed that the concentration of probiotics at 10 7 cfu/g was functional in humans. However, the dosage applied in vivo study ranges between 10 5 and 10 11 cfu, among which 10 8 and 10 9 cfu is mostly used in the studies. Tsubouchi and Matsuzawa (1973) estimated that the total number of epithelial cells in small intestine of mice was around 10 8 cells. When lactobacillus are co-cultured with peripheral blood mononuclear cell (PBMC) in different ratio of 10:1,1:1 and 1:10, respectively, the result showed that the degree of CD69 expression was variable and reached the maximum at a bacteria: PBMC ratio of 1:1 (Pérez-Cano et al., 2010) . For another thing, the successful probiotic bacteria after surviving the passage through the acidity and bile salt must be active, colonial and adhesive in order to confer beneficial effects (Harata et al., 2009; Ivec et al., 2007) . Taking together these results and data, we suppose that the dosage of 10 9 is appropriate.
Selection criterion
Although the current criteria used to evaluate the potent applied strains include: safe for food and clinical use, surviving intestinal transit, adhesion to mucosal surfaces, colonization, producing antimicrobial substances and competition with pathogenic bacteria (Borchers et al., 2009; Dekker et al., 2009; Yakabe et al., 2009) , some properties for adhesion assays as an example, are finished in vitro, which is evaluated by the co-culture of probiotics with cellular models such as Caco-2,HT-29 and IEC-6 cells in vitro, and recovering the probiotic strains in feces and obtaining biopsies from different parts of the intestinal tract. To some extent, the latter two methods can represent the situation in vivo. Lebeer et al. (2010) found that the exopolysaccharide (EPS) mutant strain was decreased in the proportion of adhesion, excluding the effects of acid and bile, whereas the strain had an increased capacity in vitro. Therefore, we believed that there are some active molecules in the intestine, which may be needed to consider in the selection of probiotic strains, because the environment of intestine is much more complicated than in vitro, as some researchers reported that the bacterial cell surface was a dynamic entity, which was affected by the host and environmental factors, such as acidity of stomach, bile in the small intestine and nutrient availability, especially carbohydrate resources in the intestine, as well as the adaptive immune system and the antibody responses through epitope selection (Lebeer et al., 2008 (Lebeer et al., , 2010 Peterson et al., 2007) . Thus, the further study should highlight the correlation analysis between in vitro and in vivo to provide instruction for the application.
Another reason that the probiotics caused extensive attention is alteration of some diseases, such as inflammatory bowel disease (IBD). However, the abnormal immune responses are related to the different diseases. On the other hand, Kropec et al. (2005) found that a collection of closely related E. faecalis used as probiotics showed different susceptibilities to opsonic killing. Therefore, in addition to combining the strain dependent manner with the purpose of therapy, which aims to regulate different immune responses, the selection criteria should link in vitro and in vivo results based on the purposes without the resistance to immune responses.
The effective forms and molecules of probiotic strains
Many studies demonstrated that unviable bacteria, such as heat or UV killed bacteria, can also induce immune responses (Cai et al., 2010; Kawahara, 2010; Rockel et al., 2011; Villena et al., 2009 ), but the effects are related to the form of probiotics. For instance, by comparing the influence of different status of lactobacillus including livespray, freeze dried and dead bacteria on the gene expression of cytokines, Villena et al. (2009) demonstrated that the viable bacteria could induce more induction than dead bacteria. By analyzing the results of these studies, we can conclude that the live is more efficient than the dead in the following order, lyophilized ＞ live ＞ heat killed ＞ UV killed (Cai et al., 2010; Panigrahi et al., 2011; Rockel et al., 2011; Villena et al., 2009 ), which may attribute to different signal ways caused Li et al. 2737 by distinct factors and the viability. The heating treatment can disrupt the cell wall, which expose the two lipid chains of lipoteichoic acid (LTA) activating the signal ways, while the UV-inactivation only destroys the bacterial DNA and has no or only minor effects on the bacterial membranes in comparison to heat inactivation (Cai et al., 2010; Lebeer et al., 2010; Rockel et al., 2011) . Furthermore, the physiological status of applied probiotics, such as the mid-logarithmic and stationary phase may affect the results (Maassen and Claassen, 2008; van Baarlen et al., 2009 ). These findings indicate that both cell wall and cytoplasm can be recognized and stimulate the immune system, which leads us to discuss the effecting molecules. Because of the limitation that the bacteria cannot pass through the epithelial cells, it can be up taken by microfold cells (M cells), and only the antigenic particles or products of degradation of the bacteria, which are able to make contact with the immune cells by pattern recognition receptor (PPRs) that recognize pathogen-associated molecular patterns (PAMPs) (Chang et al., 2009; Galdeano and Perdigon, 2006) . Therefore, PAMPs can explain the different immune responses in this point. The different production of cytokines induced by Gram positive and Gram negative bacteria demonstrated the different component of cell wall causing the distinct immune effects (Draing et al., 2008; Kanzato et al., 2008) .
The cell wall of Gram positive bacteria is typically composed of a thick peptidoglycan (PG) layer decorated with lipoproteins, teichoic acids and polysaccharides. Peptidoglycan and teichoic acids are major components of the cell walls of Gram positive bacteria, which the later is consisted of wall teichoic acid (WTA) and LTA. Therefore, they are the key molecules in inducing the immune responses. However, Rockel et al. (2011) supposed that other components must exist, which can activate very similar responses. The result that two fractions of kefir containing the solid pellet and the supernatant can induce similar cytokine profile on peritoneal macrophages, confirmed the assumption, while the supernatant mainly contains bioactive peptides, organic acids, oligosaccharides, free fatty acids, conjugated linoleic acid (Jain et al., 2008; Vinderola et al., 2006b ). Thus, the active ingredients that need to be further documented are shown in Table 2 , which are located on the surface of probiotics or produced by probiotics during the fermentation. From another point of view, these molecules can explain the strain dependent manner because of the shift of the cell surface component structure (Kim et al., 2006) , or the different concentration and ingredients.
THE RESEARCH OBJECTS The impact of host
The host normally used in this studies contains animals Maslowski et al. (2009) and cells, which affects the results to a certain extent, as the nutrition and host specificity is linked to the composition of micro organisms. Lactobacillus plantarum L8 adhere to Caco-2 cells (human) at a high level but to IEC-6 cells (rat intestinal epithelial cell) at only a low level, Wang et al. (2009b) believed that the bacteria had host specificity towards two different cell lines. Therefore, the strain isolated from other source may induce low immune responses because of the less adhesion. Ley et al. (2008) investigated the diversity of microbial communities via an analysis of bacterial 16S rRNA gene sequence from the feces, the results showed that the host diet influenced bacterial diversity, which increased from carnivory to omnivory and to herbivory, and that bacterial communities are co diversified with their hosts. Sierra et al. (2010) concluded that short chain fatty acids (SCFAs) could contribute to the growth of bifidobacterium, and Maslowski et al. (2009) showed that SCFAs produced during the fermentation of dietary fiber by intestinal micro organisms were necessary to the normal resolution of certain inflammatory responses. Therefore, we speculated that the composition of diet can directly affect the immune responses by acting on the diversity of intestinal bacteria, especially the fatty acids and lipopolysaccharide (LPS) that may exist in the diet. The study accomplished by Villena et al. (2009) in malnourished mice may not present the accurate immune effect of probiotics. On the other hand, the studies should exclude the factors influencing the diversity of intestinal bacteria, such as breast milk containing numerous lactobacillus and diets.
Environmental influence and immune status
The immune system has different status at pre and post infection, which is homeostasis and active respectively. The study that was investigated by Gagnon et al. (2006) did not consider the difference between pre and post E. coli O157:H7 infection, which may affect further conclusion. On the other hand, the way that TNF-α was used in cell culture with HT-29 in vitro to mimic an inflammatory background could not really represent the inflammatory background in vivo (Vizoso Pinto et al., 2009) , although the TNF-α is considered to be one important pro inflammatory cytokines, but there are other pro inflammatory cytokines, such as IL-1and IL-6, which can be secreted by various immune cells, and TNF-α can act on the whole immune system with multiple functions.
The environmental effects arose from the internal and external environment. Two recent studies demonstrated that the environmental exposures played a major role in determining the distinctive characteristics of the microbial community (Mulder et al., 2009; Palmer et al., 2007) . However, Perez et al. (2010) suggested that the frequency of exposure to natural environment may potentially modify the relative stimulatory role of probiotics acting as a source of stimuli, which may account for the absence of an additional stimulation by supplementary probiotics. These findings led to the conclusion that the studies investigated on germ free animals may exaggerate the effects of probiotics, and we should possibly decrease the effect of surrounding environment as much as possible and not neglect the difference of immune status before drawing a conclusion in further study.
The variation of model cells and immune cells
It is known that enterocytes may directly present antigens to T lymphocytes (Sanderson, 1998) , therefore, many studies investigated the immune responses of probiotics on enterocyte models, such as Caco-2, HT-29, IEC-6 and THP-1 cells, in vitro instead of in vivo. The advantages of Caco cells are that they express morphological and functional differentiation in vitro, and show characteristics of mature enterocytes, which forms two clearly distinguishable domains including an apical membrane and a basolateral membrane separated by tight junctions (Simons and Fuller, 1985) . Caco-2 cells also expressed low level of TLR2, TLR1, and TLR6 (Abreu et al., 2001; Melmed et al., 2003; Naik et al., 2001) . However, some studies contributed to the different results in inducing the IL-8 within HT-29 and Caco-2 in vitro to the model cells without considering the bacterial protease (Ma et al., 2004; Vizoso Pinto et al., 2009 ). Bolte et al. (1997) found that HT-29 cells grew as undifferentiated cells with sparse microvilli, low or absent brush border enzyme activities and that of crypt epithelial cells did not normally encountered live bacteria. Furthermore, Ali et al., (2009) found that the pH and time influenced the adhesion properties of bifidobacterium on HT-29 human epithelial cell line in vivo.
The immune cells, such as macrophages, DCs, mast cells and T lymphocytes, directly participated in the immune responses. However, the different immune cells, such as human mast cells and bone marrow derived from mast cells (BMMCs), CD4 + T lymphocytes of humans and mice gave rise to the distinct production of cytokines (Kawahara, 2010; Kawase et al., 2009 ). This demonstrates the host specificity from another point. DCs modulate the immune responses by expressing tight junction proteins and penetrating gut epithelial monolayers to sample bacteria (Rescigno, 2001; Tsai et al., 2008) . The plasmacytoid DC (pDC) is the dominant form in lamina propria and Peyer's patches (PP), which promotes the Th2 responses, whereas myeloid DC (mDC) is the prevailing type in the mesenteric lymph nodes (MLNs) and promotes the Th1 responses (Wang et al., 2009b) . However, Vinderola et al. (2006a) demonstrated that PP was composed of a complex mixture of cells going from macrophages to DCs at different states of maturation. On the other hand, the degree of activation varies from the location, such as the intestine and peritoneal macrophages (Karlsson et al., 2004) . We suggested that the results of combining the phonotype of immune cells at the intestinal site with the level of cytokines can prove the modulation of immune responses better, and the terminal application determine the model cells that is derived from human or mice.
EXPERIMENTAL PROPOSAL
Ways of administration
Most of the ways of administration are oral or nasal administration, gavage injection and supplement with feed or drinking water, which can effectively stimulate immune cells. However, because the intestine is the largest immune organs of host contacting with various gut intra Li et al. 2739 luminal antigens including food components, nutrients and micro organisms, most studies selected the oral administration as an effective way, although, Kiyono and Fukuyama (2004) reported the degree of induction to immune responses by nasal is superior to oral administration, which may be due to the different immune cell populations and the mechanisms of activation. On the other hand, the waste is a problem in the way of supplement in food or drinking water, which brings the decreased target dose. Furthermore, the amount of supplement should be based on the characteristic of feed intake and physiological phases of the host, such as pregnancy, nursery and growth period.
Time dependent effects
Some researchers found that the regulation on immune responses of lactobacillus was time dependent, which fluctuated with the time points of sampling (Salva et al., 2010; Tsai et al., 2008) . The duration of experiment period is a critical factor. At the early stage, the bacteria and the non bacterial fractions after culture or fermentation by bifidobacterium and lactobacillus, that enters the intestinal tract, can be recognized by innate immune cells and then activate the adaptive immune. But the bioactive component acts not only on antigens but also on nutrients (Vinderola et al., 2007) . On the other hand, with the prolongation of time, the suppressor and regulator T lymphocytes can be induced by the increasing number of probiotics in order to maintain the homeostasis, while the innate immune responses will still be active (Ivanov et al., 2008; Pérez-Cano et al., 2010; Villena et al., 2008) , which may explain the time dependent persistence of immune responses by probiotics. Scharek et al. (2007) reported that the influence of Bacillus cereus var. toyoi (Bacillus strain, NCIMB40112; Toyocerin) on the intestinal immunity of piglets was obvious at certain time point, who supported the conservative p-values and "multiple testing error". Furthermore, the phenomenon is correlated with the purpose of prevention or therapy.
The sampling sites
In adults, the diversity of micro organisms in the proximal small intestine (10 2-3 cells/g) is lower than the distal intestine (10 7-8 cells/g), although the colon has the largest number of bacteria (10 11 cells/g) (Andrew, 2009; Eckburg et al., 2005; Ley et al., 2006) . Perdigon et al. (2000) reported that some bacteria antigens were only associated with immune cells in PP of small intestine, whereas others interacted with cells of lamina propria of the small and large intestines. One study found that, after the intake of Lactobacillus plantarum L2 (One of five probiotic strains was used in the study, which is isolated from human intestinal tract) for 28 days, the counts of Lactobacillus plantarum L2 were clearly higher in the ileum, cecum, colon and feces than those in the jejunum and duodenum by cultivating strains in feces, gut and amplifying strain-specific polymerase chain reaction (PCR) analysis (Wang et al., 2009a) . On the other hand, the large intestine inhibits large communities of protein degrading and amino acid fermenting bacterial species, specially, saccharolytic bacteria predominate in the micro organisms (Vinderola et al., 2006a) . In a word, the most applicable site for evaluating the effects of probiotics is the ileum containing the PP.
The immune methods for analyzing the effects
The intestine is an ecosystem that is composed of numerous micro organisms. The cultural bacteria in vitro cannot reflect the factual conditions in the intestine because of the complicated nutrition and numerous micro organisms. Davis et al. (2007) found that the supplement of Lactobacillus brevis can increase microbial diversity, and one unculturable (The bacteria was identified by the band of DGGE, which was not cultivated by traditional methods), low G+C content, Gram positive bacteria emerged in jejunum by denaturing gradient gel electrophoresis (DGGE) analysis. In order to understand the colonization and growth of the probiotics, we should analyze the diversity by single strand conformation polymorphism (SSCP), DGGE and terminal restriction fragment length polymorphism (TRFLP) instead of traditional culture methods that links to the immune responses, which was investigated by Davis et al. (2010) , and found that terminal restriction fragment( TRF) peaks were positively or negatively correlated with intraepithelial lymphocytes phenotype, which provided a new insight to understand the relationship between probiotics and immune responses.
The common methods include functional assays and gene expression analysis, such as flow cytometry (FC) for phenotype, immunofluorescence, enzyme linked immunosorbent assay (ELISA) and reverse transcription polymerase chain reaction (RT-PCR) for cytokines. Baken et al. (2006) and Paturi et al. (2010) suggested that the functional assays are more sensitive and predictive than gene expression analysis in evaluating the functions of immunomodulatory. However, some studies investigated the effect of probiotics on cytokines with the gene expression analysis. We preferred ELISA, since the effect of modulation on the immune system functions as the form of protein, and the rate of translation and post translational events affect the level of protein.
CONCLUSION
By analysis and discussion, we can clearly know that the probiotic strains and research objects are the most important impacting factors. The selection criterion plays a vital role in the effects of probiotics on immune responses. These strains can be homogenous and heterogenous strains, but the heterogenous strains may stimulate the immune system at low degree of activation because of the less adhesion caused by the host specificity without the resistance to killing of the immune system. The results in vitro and in vivo allowed for the difference. Although the 10 9 cfu/d is the appropriate dosage, the optimum dosage should be based on the correlation between in vitro and in vivo, and should be in a strain dependent manner. Those factors that will affect the diversity of the intestine, and components that may activate the immune responses, such as peptides and fatty acids, should be decreased possibly. The ileum and PP are ideal sampling sites. The combination of the phenotypes of immune cells was determined by FC, the immune parameters of serum were analyzed by ELISA and the dominant bacteria were determined through DGGE or SSCP. These can explain the mechanisms of probiotics on the immune responses better. On the other hand, before the results of probiotics on the immune responses were obtained, the immune status was considered at different point in time. However, the application determines these experimental methods and objects.
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